To investigate the transmission of loom vibrations to the ground as well as the characteristics of the influence of vibrations on houses near a weaving mill, measurements were made of the oscillating frequencies of the ground and of the neighbouring houses, when many looms were run simultaneously.
The looms used amount to 280. They are cop-change automatic looms for cotton with a reed space of 58 in. and a running speed of about 160 rpm. b. Results and analysis i) The forced vibration of the floor caused by running looms presents considerably complicated waves including higher frequency components. Accordingly, both Fourier spectrum and power spectral density don't show singular large peaks in their measured waves, and especially in Vol. 22 No. 4 (1976) the vertical direction they show more complicated waves. As shown in Figs. 3 to 8, the predominant frequency in the horizontal direction, fH, is about 2.6 Hz, and that in vertical direction, fv, is about 2.8 Hz.
ii) The analysis of regular infinitesimal ground vibration at loom stoppage at mid-night showed that fH is about 2.6 Hz and fv is about 5.0 Hz.
iii) It can be inferred from the above results that the horizontal vibrations of the floor and the ground have characteristics resembling each other, and that they are easy to resonate. iv) The vibration amplitude of the ground is very large in the east-west direction (longitudinal direction of looms), and is about 1 /2 of that in the north-south direction (lateral direction of looms). It is further small in the vertical diection.
In every case, as the distance from looms is increased, the ground vibration is decreased. But a considerable vibration is still extending far away. v) Figs. 9 and 10 show analytical results of the ground vibration at the spot 135 m away from the center of the weaving plant which generates the forced vibration. The frequency of the horizontal ground-vibration fH is 2.7-2.9 Hz, almost corresponding to the forced vibration by looms.
vi) The vibration frequency characteristic of wooden houses coincides well with the ground vibration, and the fH of houses is 2.8 Hz. The vibration amplitudes of both the ground and wooden houses are shown in Fig. 11 and Table 1 . As the distance from the plant is increased, the vibration is decreased. Table 1 Amplitutes on the ground and on the first floor.
Vol. 22 No. 4 (1976) ml: mass of a loom m2: mass of the foundation h=c/C~ v =2,r f (natural frequency of foundation system) yi =Fo/(mo • w2) : assumed natural amplitude of whole system =w/v It is said to be preferable that p is less than 0.3. In this case, r becomes less than 0.1. The design is made, taking this as a criterion. b. Adjustment of foundation weight
The following equations are obtained from eqs. (1) and (2) : yi =Fo/(mo • w2) =1.0 a=m/mo where m is the mass of the foundation after adjustment.
So, the maximum amplitude of the foundation after adjustment is given by To evade the resonance, the natural frequency of this system should be 3-4 times as large as that of the forced vibration of machines.
3-3. Damping by partition walls in the ground
As illustrated in Fig. 14, assuming the incidence wave to be Ui, the reflection wave Ur, and the transmission wave Ur, the transmission rate C is given by eq. (5). According to eq. (5), effective damping against low frequency-vibration (e.g. 2-4 Hz) is not expected for usual wall thickness.
3-4. Damping by springs
As effective damping cannot be obtained only by usual metal springs or by rubber, the following composite installation consisting of combinations of a spring and a 4.1. Foundation weighting A loom generates both horizontal and vertical vibrations simultaneously and there is little level difference between horizontal and vertical vibrations at epicenter. Compound vibrations in both drections are transmitted to the ground, and especially at far places horizontal vibrations are larger than vertical one. It is almost impossible at present to elucidate the transmission mechanism caused by compound vibrations, so measurements of horizontal and vertical vibrations transmitted to the ground will make the influence of foundation weight clear.
As Fig. 17 points out, several sheets of reinforced concrete slabs fixed together with bolts are buried under the ground, and the loom is set on these foundations. Measurements were made at two points simultaneously, one on the concrete block and the other on the ground apart from it. As for the horizontal vibration, only the main vibrating (longitudinal) direction of the machine is measured.
Experiments were made with seven sheets of concrete (80 cm thickness), five sheets (60 cm thickness), three sheets (40 cm thickness), two sheets (30 cm thickness) and one sheet (20 cm thickness). Fig. 18 shows the relation between foundation thickness and amplitude. Concerning the foundation vibration, its vertical displacement becomes small where the horizontal one grows big is large, namely where the foundation weight is light. But this relation becomes adverse as the foundation weight becomes heavier.
This interrelation may cancel the weight-effect the horizontal and vertical displacements, and may reduce the , and is schemed to make effective the frictional resistance of side ground. But the effect is not so remarkable as expected. That may be because the resisting power against the horizontal displacement mostly depends upon the friction between the foundation bottom and the ground surface. The above-mentioned is also inferred from results of No. 7, which consists of only two looms and its input power is roughly about a half of others. Its resistance against the horizontal displacement is generated only by the friction of foundation bottom, but the horizontal displacement is less than a half of other cases.
Main part of vertical vibrations is generated by the rocking motion, and the piling is conspicuously effective for damping vibrations. The vertical vibration of No. 7 is the largest because two looms were operated on the existing usual foundation. The second largest is No. 5 which consists of only two piles, and its pile configuration is most fit to rocking. Fundation of No. 3 doesn't contact with the ground at all, and its vibration-resisting element is only the vertical spring stiffness of piles. So its vertical displacement is large as expected in comparison with No. 1, 2 and 4.
Comparatively small displacements of No. 1 and 4 may naturally be caused because one of the foundation sides is not isolated from the concrete floor.
ii. Ground vibration
The relation between the horizontal ground displacement and the distance from the epicenter is indicated in Fig. 20 . In Fig. 21 , we will show the relation between the distance from epicenter and the vertical displacement. Large distance is very effective for damping. If it is 5-10 meters apart, the amplitude reduces remarkably. The input to the ground is in the order of N0. 5>No.
7>No. 2>No. 3. The more the displacement of the foundation is, the more is the displacement of the neighboring ground. But in case of No. 3, as this input is the least, the effect is the largest because its foundation does not contact with the ground. The vibration damping of No. 7 is consipcuous. So, we may infer that the larger input has the larger vibration reduction.
Other methods a) Vibration damping by lever spring system
This method is effective for vibration damping, but the loom itself vibrates conspicuously. The longitudinal amplitude becomes about 25 mm on a breast beam of the loom. So, this system is not suitable for practical utilization. b) Foundation of sand seal
The horizontal and vertical vibrations of the loom by this method is so large that the loom moves around and, at the same time, sinks in the sand. Therefore it was unable to continue the experiment.
Conclusion
1) The natural frequency of wooden houses is 2-3 Hz in the horizontal vibration. So, if the ground is so soft as to resonate with such low frequency as loom's forced vibration having 2-3 Hz, houses vibrate heavily.
The counter-measure of this problem is only to use the isolated concrete slabs supported on piles.
2) If the ground is rigid enough not to resonate easily with 2-3 Hz, the polution problem is limited in a small area. In this case, the countermeasure such as clumping rubber is expected to have some effect.
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